This paper is the first to provide a micro-level analysis of the impact of intercity rail connections on property prices. We use the variation in mainline accessibility provided by the reorganization of the rail system in post-unification Berlin to isolate accessibility effects from correlated individual location effects. Evidence does not support the existence of localized effects on location productivity and household utility. While the city, since unification, has undergone significant changes in its spatial structure, these effects cannot be attributed to the new transport concept. Our findings question the justification for committing substantial public funds to downtown rail redevelopment projects.
INTRODUCTION
In recent decades, accessibility has increasingly been investigated in its role as a determinant of the spatial distribution of economic activity. Firms, employees and customers benefit from good access to other regions' markets due to the reduced cost of commuting, a supply of customers and increased availability of goods. In the interaction with agglomeration economies that arise from physical proximity, positive transport costs can explain the concentration of economic activity in regional agglomerations (e.g. Fujita et al., 1999; Krugman, 1991) . 1 Similarly, the impact of transport costs at an intra-urban level has received much attention since the early period of urban economics (Alonso, 1964) . 2 The early models focused on a trade-off between price of land and access to the city center in order to explain intracity location choices of households and firms. Recent models have added the idea of production externalities that arise from the spatial interaction of nearby firms, thereby driving firms into economic cores (Lucas, 2001). 3 In any case, there is no doubt that effective accessibility is shaped by transport infrastructure. By bringing employees, firms and customers closer together, an improvement in transport infrastructure not only has a direct impact on commuting and shipping costs, but also has a potential impact on productivity, wage and income levels and, not least, on real estate prices. The expectation of positive economic effects has always led to large investments into the improvement of transport infrastructure, including the commitment of substantial public funds. Empirical research in this context investigates the impact of highways (Chandra and Thompson, 2000; Isserman and Rephann, 1995; Michaels, 2008) and intercity rail connections (Coffman and Gregson, 1998 ) on a regional scale. More closely related to the present analysis, a large number of studies analyze the impact of intra-urban rail systems. These studies typically make use of data on real estate prices, which mirror an increase in demand for location due to improved accessibility (Ahlfeldt and Wendland, 2009; Bajic, 1983; Baum-Snow and Kahn, 2000; Bowes and Ihlanfeldt, 2001; Damm et al., 1980; Dewees, 1976; Gatzlaff and Smith, 1993; Gibbons and Machin, 2005; McDonald and Osuji, 1995; McMillen and McDonald, 2004; Voith, 1993) . Debrezion et al. (2007) provide a recent metaanalysis on this strand of research.
If accessibility to other regions' markets significantly impacts on the economic performance of regions and cities, then city areas close to transportation links such as highways, airports or train stations should particularly benefit from regional integration. Eventually, the spatial interactions between economic agents that involve intercity trips also require journeys to and from transport nodes within the cities, which can account for quite a considerable proportion of travel time. Following bid-rent theory, land values directly mirror any increase in productivity or household utility related to (mainline) accessibility. An evaluation of urban property markets with respect to mainline accessibility therefore qualifies as a natural starting point of a welfare analysis of economic effects related to regional accessibility in general, and mainline rail in particular. In practice, however, such an investigation can be very challenging as it is often close to impossible to disentangle accessibility effects from correlated individual effects given that the location of mainline stations and the distribution of urban economic activity are historically jointly determined. Variation in access to mainline connections that would help to distinguish these correlated effects is typically difficult to find.
It is therefore maybe less surprising that this study is, to my knowledge, the first to investigate the impact of access to intercity rail lines on an intra-city scale, using detailed transaction data for an entire metropolitan area. The case of post-unification Berlin, which is subject to this analysis, provides an unusually large degree of variation in mainline accessibility. In the course of the modernization required after the period of division, a completely new mainline track was developed crossing the city in a north-south direction. The two mainline stations in the formerly separated parts of the city were either disconnected from the mainline network or reduced substantially in significance. A completely new central station was developed instead at the intersection of the existing and the new mainline track. Three additional main stations were either inaugurated or considerably extended. As an additional feature, the finally communicated train schedule differed considerably from the original transport plan, introducing a moment of surprise shortly before the implementation. I investigate the impact of this variation in accessibility on property prices over a 16year study period that covers almost the entire post-unification period. The results potentially shed light on an important question arising from a planning perspective, given that intercity railway stations are public facilities. Do these stations represent facilities with a local or global character? The optimum location choice critically depends on the answer to this question. 4 Although mainline stations do not belong to the classical not-in-my-backyard (NIMBY) facilities, which generate localized negative externalities, the opportunity cost of provision in space can be quite high. 5 Particularly in older cities, central stations are typically located within the urban core, where economic activity reaches the highest density. Hence, the large facilities and huge track beds occupy much of a city's most productive space, while construction work on tunnels in order to shift facilities and lines below ground level is extremely expensive. If there are no spatially uneven benefits at the city level, then a relocation to a somewhat less central location could be efficient, at least as long as the new location is well connected to the intra-urban transport network. Numerous cities such as Kassel (Wilhelmshöhe) or Limburg (Süd) have recently opted for such a solution. A significant real estate price effect of access to intercity rail connections, instead, would support the spatially uneven benefits notion. A more local characteristic would, in turn, provide some justification for bearing either the occupation of highly productive space by open track beds or the expenses for tunnel construction. These questions are of some urgency given the growing number of rail station mega-projects as in the cities of Stuttgart or Vienna.
BACKGROUND AND DATA

A new mainline network for a unified city
Owing to the adverse economic performance within the Soviet zone of occupation and the remote isolated location of West Berlin during the period of division, Berlin's rail infrastructure was found to be in need of modernization after Germany's unification. At the beginning of the 1990s, it was decided to implement a completely new concept for connecting Berlin to Germany's rail network. The modernization, in total, cost over h4 billion (Hops and Kurpjuweit, 2007) . The key element of the new concept was the development of a new north-south railway track. The intersection of the new north-south with the old east-west track was chosen to be the location of Berlin's new central station. Two more mainline stations were developed along the new railway track at the intersections with the inner ring line: 'Gesundbrunnen' in the north and 'Südkreuz' in the south. Moreover, at the western periphery of Berlin, 'Bahnhof Berlin-Spandau' was considerably extended and modernized. The new stations along the north-south track were to provide additional transport capacities in order to disburden the existing mainline stations 'Bahnhof Zoo' and 'Ostbahnhof ', which had served as central stations within the formerly separated parts of the city. In particular, Bahnhof Zoo, which after unification became Berlin's most frequented station due to its centrality and good connections to the urban railway network, was 4. A public good or facility is considered to be local in the case of generating differentiated benefits at different distances. See Bellettini and Kempf (2008) on the spatial provision of local public good facilities and Koide (1987) among others. 5. Political opposition to the location of NIMBY facilities has become a much-discussed issue in the political economy literature (Bellettini and Kempf, 2008; Frey et al., 1996; Kuhn and Ballard, 1998; Wolsink, 1994) .
considered to be undersized in light of there being only three platforms to serve a total of 150,000 passengers per day. At the beginning of July 2005, however, the rail carrier Deutsche Bahn AG quite unexpectedly announced that instead of allocating transport capacities more or less equally between the two mainlines, the vast majority of long-distance trains would cross Berlin on the newly developed north-south line after the implementation of the new transport plan on 28 March 2006. Even more surprising, it was decided that the remaining trains approaching and leaving the new central station via the eastwest track would no longer stop at Bahnhof Zoo, thereby reducing its significance to a regional dimension (Hasselmann, 2005) . This decision incited strenuous protests from various business and passenger lobbies. It was argued that the degree of reallocation, and in particular the complete disconnection of Bahnhof Zoo and hundreds of thousands of residents in its catchment area, was not reasonable (Ataman, 2005) . In the course of the empirical analyses, evidence supporting the notion that the new transport plan has left the majority of employees and residents worse off will be provided. The immediate and unexpected disconnection from mainlines of the former central station Bahnhof Zoo, which is located within an area that had served as the central business district (CBD) of West Berlin for decades, arguably represents a most considerable shock. If at all existent, the event of the disconnection of the area from mainlines should unravel local effects of mainline accessibility on location productivity or desirability.
Data
Before discussing the empirical strategy and results, some words are due on the nature, quality and appropriateness of the data. Real estate markets may either be analyzed on the basis of market transactions or valuations that are used for tax assessment, among other things. A clear advantage of valuation data lies in a complete geographic coverage, which is particularly valuable in cross-sectional analyses of relatively stable market equilibriums. A recent hedonic analysis of the Berlin real estate market using standard land values assessed by the local committee of valuation experts (Gutachterausschuss für Grundsütckswerte) is provided by Ahlfeldt and Maennig (2010) . Valuation data, however, are typically smoothed and therefore less appropriate when it comes to detecting market reactions to changes in global or local economic or environmental conditions. Market reactions instead become immediately visible in transaction data, although, in particular within an environment of low owner occupancy, rent regulation has the potential to mitigate price adjustments to external demand shocks. Note that in Germany, a comparative rent system protects tenants in occupied dwellings from excessive rent increases. A vacancy decontrol, however, removes the regulation once a tenant moves out. Together with new dwellings that become available on the market, normal market fluctuation leads to an adjustment of the 'comparable rent' to a demand shock, which subsequently facilitates the adjustment of rents in occupied dwellings. Given that property prices reflect the net present value of expected (discounted) rental income (or saved rental expenditure), transaction prices will adjust when a demand shock becomes effective or the relevant information enters the market (McMillen and McDonald, 2004 ). An additional advantage of the direct application of transaction data is the higher transparency as the process underlying the The Train has Left the Station r 2010 The Author German Economic Review r 2010 Verein für Socialpolitik generation of land and housing values is often not completely known, in particular for locations where no transactions took place.
In the present analysis, I therefore make use of an exhaustive record of 57,454 transactions of developed properties that took place between 1 January 1993 and 31 December 2008 within the boundaries of the Federal State of Berlin. 6 As our dataset represents a full record of transactions rather than a subsample of selected housing markets, the risk of sample selection bias is somewhat muted, although, in principle, transaction-based estimates may overstate the market reaction in the presence of an increase in transaction frequency within submarkets that are particularly sensitive to mainline access. As it is a complete record, our dataset features transactions of commercial and residential properties, which, following rent theory, facilitates the evaluation of accessibility effects on the productivity of land (commercial land), as well as on household utility and location desirability (residential land).
The transaction data provided by the Committee of Valuation Experts in Berlin include the usual parameters such as age, floor space, plot area and number of storeys, as well as information on land use, condition, plot shape, building type and contract details, including information on buyer, seller, type of agreement and tax privileges, among other things. Using a GIS environment, property transactions were geo-referenced based on geographic coordinates and merged with an electronic map of 1,201 voting precincts. Additional environmental control variables capturing the impact of natural amenities, transport infrastructure, schools, industrial areas, the built environment and noise emissions, as well as all distance variables used in the analysis, were also generated within a GIS environment on the basis of the Urban and Environmental Information System of the Senate Department of Berlin (Senatsverwaltung für Stadtentwicklung Berlin, 2006) . All generated distances are precise at least at a six-digit level and accurate to the level of addresses when referring to transactions. When referring to precincts or blocks, distances strictly refer to their geographic centroids.
ACCESSIBILITY IMPACT
Before economic adjustments to the new transport geography can be estimated, the effective changes in mainline accessibility due to the new transport plan need to be identified. Several indicators will be used to capture the accessibility treatment, whereby I distinguish between indicators that capture proximity effects within the station neighborhood (a-b) and accessibility effects that encompass the whole city area (c-e). While within the closer catchment area of mainline stations, proximity effects are a composite of accessibility and non-accessibility related factors, for example particular architecture and urban design, retailing and entertainment, on a city-wide scale, direct effects of mainline accessibility should clearly dominate.
Our first treatment measure X i a consists of a set of dummy variables, each indicating whether a location i falls into the circular area within a 2 km range around a mainline station j (S2K ij ), which was found to represent a feasible catchment area for urban railway stations in previous research (Gibbons and Machin, 2005) , and a similarly defined set of dummy variables for a 4 km radius (S4K ij ). Within the regression-based identification strategies used in the next section, this treatment 6. About 10,000 observations had to be excluded from the full record due to missing values in crucial characteristics. No signs for a sample selection bias were found.
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German Economic Review r 2010 Verein für Socialpolitik measure basically tests for a significant difference in (conditional) average sales prices between a 0-2 and a 2-4 km radius around mainline stations, or, more precisely, a significantly different evolution of prices within these areas
Instead of imposing a discrete boundary between the 0-2 and 2-4 km rings, our second treatment measure X i b uses a continuous distance measure to reveal the marginal benefit of locating closer to a mainline station j. By inclusion of the 4 km impact dummy introduced above and interaction with the distance to station j (DS ij ), a station gradient estimate will be restricted to the station neighborhood. For ease of interpretation, we multiply distance by ( À 1) so that positive coefficients can be interpreted as positive accessibility effects throughout all empirical analyses
With perhaps the exception of the particular case of Bahnhof Zoo, the city-wide effects, which are related more directly to mainline accessibility, are of primary interest for the more narrow purposes of the paper. When investigating the variation in access to intercity connections at the level of the entire metropolitan area, I refer to areas that are positively or negatively affected by the intervention, defined on the basis of whether they experience an increase or decrease in accessibility. The natural intuition would be that, if at all, an increase in accessibility should lead to an upward adjustment in land price. I develop three accessibility indicators (X i M ), which basically compare mainline access (ACC i M ) in terms of distance or travel time to mainline stations in the situations before (z) and after (z þ 1) the implementation of the new concept (M 5 fc, d, eg). Again, I multiply by ( À 1) so that throughout the empirical analysis a positive treatment effect implies that locations that benefit from the new network experience rises in land values
Measuring the change in mainline accessibility, however, is non-trivial in light of some stations appearing and disappearing from the map, while others experience an increase or decrease in the frequency of train service. I distinguish three definitions of access to intercity connections in the remainder of the analysis. First, I restrict my attention to proximity to the central rail hubs, from which all intercity connections can be accessed in the respective period, and which therefore represent perfect substitutes. Since in the after (z þ 1) period only the Haubtbahnhof satisfies the 'hub' criterion, while in the before (z) period Bahnhof Zoo and Ostbahnhof were virtually approached by all trains, my simplest city-wide treatment X i c can be expressed as follows:
where DZOO, DOST and DHBF stand for distances to Bahnhof Zoo, Ostbahnhof and Hauptbahnhof, respectively. In my second approach to modeling the access to intercity connections, I relax the assumption of perfect substitutability among mainline stations and allow for a The Train has Left the Station r 2010 The Author German Economic Review r 2010 Verein für Socialpolitik complementary relationship between all mainline stations in operation in the respective periods 7
I therefore calculate the difference between the average distance to mainline stations X i d where the distance to the next station j (Min(D j )) in both periods is weighted by the station's share of total daily intercity connections (n j /N). The remaining share (1 À n j /N) serves as a weight for the distance to the next intercity rail hub, where the respective connections can be accessed. 8 Absolute and relative numbers of daily intercity connections have been provided by the DB Station and Service AG.
The third city-wide accessibility measure (X i e ) builds on equation (5), but expresses access to mainlines in terms of average travel time instead of distance.
In this treatment measure, the intra-city transport geography is incorporated in order to come as close to the effective accessibility pattern as possible. It is assumed that passengers choose either to walk to mainline stations or to use the public metro rail network (U-and S-Bahn), strictly depending on travel time minimization. If passengers choose to take the train instead of walking, then following the algorithm used by , the journey consists of a walk (at 4 km/h walking speed) to the closest metro rail station s plus a 2.5-minute average waiting time at this station (based on an average 5-minute train frequency) and the shortest train ride along the metro rail network to a mainline station (at 33 km/h, the average train velocity in Berlin according to schedules)
ð 6Þ Figure 1 shows the location of mainline stations and the metro rail network against the background of spatially interpolated changes in average travel time to mainline connections. As expected, the areas that experienced the strongest decline in access to mainlines are around the formerly most important stations Bahnhof Zoo and Ostbahnhof, particularly extending to the west and east. Central areas and areas to the north, south and north-west benefit from the new stations Hauptbahnhof, Gesundbrunnen and Südkreuz and the extension of Spandau, which at least partially compensates western areas for the closure of Bahnhof Zoo. Notably, the accessibility effects spread along the metro rail network in all directions.
As noted in Section 2, the new transport plan was heavily criticized for leaving a majority of residents, in particular within the densely populated western parts of the city, worse off. Indeed, in summing up the areas displayed in Figure 1 , it turns out that population and workplace employment within negatively affected areas exceeds those for the positively affected areas by close to 1 Mio and 250,000, 7. See Ahlfeldt and Maennig (2010) for a detailed discussion on how to capture complementarity in urban amenities. 8. Note that Bahnhof Zoo and Ostbahnhof in the before period, and Hauptbahnhof in the after period, carry out the full range of services, therefore areas that have these stations as nearest stations in the respective periods automatically receive an unweighted distance to these stations according to this definition.
respectively. 9 Almost twice as many residents and employees are adversely affected by the new transport plan as are improved. These numbers quite clearly affirm the notion of opponents. But more important for the present analysis, they also indicate that the finally announced transport plan came unexpected as a rational that the rail carrier was expected to maximize access to customers.
EMPIRICAL ANALYSIS
Given that the potential impact areas are identified, the evolution of property prices with respect to the accessibility treatment can be investigated. Essentially, a two-part identification strategy is used. First, I use structurally flexible specifications to identify the timing of potential interventions. Besides accounting for the complexity of the changes in spatial accessibility patterns, the identification strategy must be able to cope with gradual adjustments due to transaction costs in spatial arbitrage or anticipation effects of investment. These are expected as buyers and sellers consider the future stream of rent revenues (or saved expenditures) and, hence, may seek to take first-mover advantages by moving into areas that will benefit from the new mainline concept as soon as certainty about its inauguration is achieved. Second, I conduct an intervention analysis to assess any sustainable 
Time-varying treatments
The assessment of the impact of the changing rail system on the real estate market is complicated by the long period between the decision to redesign the network and the implementation of the new network. While the announcement of the final transport plan in June 2005, in particular due to the above-mentioned moment of surprise, qualifies as a natural intervention, the effects to some degree could have been capitalized into the market in advance. Within the constraints of data availability, I therefore extend the study period to the maximum possible extent so that it starts in 1993, shortly after the initial plans for the 'mushroom' concept had been published. The first regression-based identification strategy [equation (7)] allows the treatment effect to vary with time and thereby to adjust flexibly to market reactions. The relatively long study period, in particular within the dynamic environment of postunification Berlin, furthermore requires a specification that accounts for the general reorganization of spatial patterns such as the integration of the formerly separated parts of the city and the potential re-emergence of the traditional CBD
I use two full sets of time (quarterly) j t and (1,201) location (voting precincts) u y fixed effects to capture time-invariant characteristics of location and all macroeconomic shocks that are common to the entire study area. Standard errors are clustered on precincts so that this strategy allows for both mean as well as variance shifting across space, thereby capturing within precinct spatial autocorrelation. Structural property characteristics and within precinct variation in the value of location are accounted for by two established sets of structural (S) and locational (L) attributes . The remaining variation is assumed to be related to location-specific trends that can be evaluated with respect to our accessibility treatments X N (N 5 fa, b, c, d, eg) , conditional on time-varying price differentials between EAST (a dummy for this part of the city) and West Berlin and distance to the CBD (DCBD) effects. 10 Note that when treatment variables X a and X b are substituted into equation (7), a vector notation applies for g N t X N it , where X N it is a vector of station-specfic dummy and gradient variables as defined in equations (1) and (2), and g N t is a corresponding vector of parameters in period t. X N , EAST and DCBD are allowed to vary over time by interacting them with the set of time dummies j t while omitting the first quarter. Coefficients a t , b t and g N t yield the differences relative to the respective marginal prices in the base quarter 1993:1 and provide difference-in-difference (DD) estimates in the sense that they differentiate across space and time. These sets Figure 2 plots the estimates for the city structure variables according to specification (7) (mainline accessibility treatments are omitted). Full estimation results are presented in Table A1 in Appendix A. 11 Apparently, prices within East Berlin over the study period steadily increased compared with West Berlin so that, by the end of 2008, they had experienced a relative increase of close to 40%. 12 In contrast to this more gradual evolution, there is a relatively sharp discontinuity in the estimated marginal effects of proximity to the CBD around mid-2005, which is precisely the date when the final transport plan was announced. Note that I multiply DCBD by ( À 1) so that positive values indicate an increase in the magnitude of the centrality effect. As is visible from Figure 1 , the CBD lies relatively close to the new central station Hauptbahnhof and generally within the areas that benefit from the new mainline concept. The coincidence of the announcement and the increase in relative prices of properties close to the CBD could therefore be interpreted as a sign of sizeable mainline accessibility effects, although further investigation will reject this hypothesis. Figures 3 and 4 show estimated treatment effects when including either treatment measures X a (left) or X b (right) into specification (7), exemplarily for the stations of primary interest, Hauptbahnhof and Bahnhof Zoo. Evidently, relative prices within the neighborhood of Hauptbahnhof remained remarkably constant over the study period, both expressed in terms of average differentials between the 0-2 and the 2-4 km zones, as well as in terms of the station gradient (Figure 3) . The indices show no signs of increases in relative prices and, if at all, show a negative trend after the final announcement of the transport plan. The same indices for Bahnhof Zoo (Figure 4 ) point to a decline in relative prices close to the station until 1996 when, however, the 11. Ahlfeldt (2010) provides a comprehensive analysis of the Berlin housing market, including a detailed discussion on the impact of structural and location characteristics. 12. The exact percentage ( PC) impact can be derived from the estimated coefficient (b) using a simple formula: PC 5 [exp(b) À 1] Â 100 (Halvorsen and Palmquist, 1980) . later disconnection from the mainline network was not anticipated. In the following years, in particular until 2003/04, a recovery process takes place. No pronounced adjustment is evident for the period after the final transport plan was announced and implemented. This is particularly striking in light of the large and surprising reduction in mainline accessibility and the corresponding strong protests. Similar indices for the other stations also do not reflect a pronounced reaction around the relevant intervention dates. If at all, the catchment areas of Bahnhof Berlin-Gesundbrunnen and, less so, Berlin-Spandau show an increase in attractiveness after 2002, which might be related either to anticipated accessibility effects or the broader environmental effects related to the modernization and extension of these stations. 13 While these results do not support the hypothesis that the realignment of intercity connections had a major and significant impact within the immediate vicinity of stations, the general change in city structure reflected in the increase in (7) using treatment variables X a (left) and X b (right) defined in equations (1) and (2).
Figure 4 Treatment effects for Bahnhof Zoo
Notes: Figure presents estimated changes in the relative price differentials between the circular 2 km impact area around the station and the 2-4 km distance ring (left) and the change in the magnitude of the station gradient within a 0-4 km radius (right). Estimates are based on specification (7) using treatment variables X a (left) and X b (right) defined in equations (1) and (2).
Figures are available from the author on request.
the CBD gradient is nonetheless remarkable, particularly given the coincidental final announcement of the transport plan. As noted above, our treatment measures of primary interest are those capturing accessibility effects within the whole metropolitain area (X c-e ). When included in specification (7), they facilitate disentangling mainline accessibility effects from non-mainline-related adjustments in the city structure. Both indices in Figure 5 showing treatment effects for measures X c (minimum distance to hub) and X e (average travel time to mainline connections) defined in equations (4) and (5), however, hardly point to any positive mainline accessibility related impacts. The indices reveal non-positive trends throughout the study period and even slightly negative trends toward the beginning and the end of the study period. A similar pattern is revealed once the distance-based treatment measure X d is used instead of X e (based on travel times). If the indices are reproduced for a subset of either commercial or residential properties, a very similar pattern is evident for residential properties, while the graph for commercial properties exhibits an even flatter shape ( Figure 6 ).
These findings, again, are sobering with regard to potential mainline accessibility effects. If at all existent, accessibility effects seem to be relatively small, potentially requiring a more focused intervention analysis to identify significant treatment effects. While the final announcement and inauguration of the transport plan represent a natural intervention to be analyzed, alternative intervention dates are not known a priori and need to be identified from the data. I therefore conduct a search for positive relative trends in the marginal effect of the most sophisticated accessibility treatment X e (average travel time to mainline connections) for a set of feasible subperiods. A modified version of specification (7) is used where, instead of a full set of quarterly treatment interactives (g N 1 X N i þ P T t¼2 g N t X N it Âj t ), an interactive term of the treatment variable X e with a time TREND is used. To maximize precision, TREND is defined on a daily basis, but rescaled in a way that increments by 1 indicate one-year steps (7) using distance to the nearest rail hub X c (left) and average travel times to mainlines X e (right) defined in equations (4) and (5). [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] and an end year v (1994-2008) where v4u. This approach yields a set of 120 separate regressions and, hence, trend coefficientsf, which for the purposes of an easy evaluation can be plotted into three-dimensional space. Figure  7 shows the resulting three-dimensional response surface from two different angles. The estimated treatment coefficientsf are on the z-axis, while the start and end year occupy the x-and y-axes. For a given period, positive coefficients indicate a positive treatment effect for areas benefiting from the new transport plan. The picture generally is in line with the previous findings in that no sustainable positive trend effects are visible for longer (sub)periods. At best, there are positive adjustments within selected years, although none of the positive coefficients satisfies conventional significance criteria. 14 A notable increase in the estimated coefficients can be found for very late starting years, which possibly could indicate weak inauguration effects. Moreover, after a generally negative relative performance during the early years after unification, there are some positive effects, at least in the very short run, for starting years between 1997 and 2000. This was the period when the most intense and visible construction work on the new mainline 
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German Economic Review r 2010 Verein für Socialpolitik stations began and might therefore be interpreted as a weak sign of positive market reactions to reduced uncertainty. It is important to note, however, that for most of the time negative treatment effects are revealed by a response surface below the zero line.
Overall, the results presented in this section do not support the view that the new mainline concept significantly impacted on the property market, neither within the narrow catchment areas of mainline stations, nor on a city-wide scale. With the exception of the two relatively small mainline stations Gesundbrunnen and Spandau that were considerably extended and modernized and whose neighborhoods experience relative increases in sales prices since about 2002, for none of the mainline stations are neighborhood effects observable that are in line with positive direct or indirect effects of the network modernization. At the city level, we find nonpositive or even slightly negative treatment effects for areas that experienced an increase in mainline accessibility throughout the study period. Taking together the moment of surprise introduced by the final announcement of the transport plan, the temporally coinciding break in the city structure as revealed by an increase in the CBD gradient and the modestly positive relative short-run trends toward the end of the study period, the final announcement and inauguration still represents the most promising intervention to be analyzed in the next section.
Intervention analysis
In order to test explicitly for a significant-and permanent-level shift in sales prices following the implementation of the new transport plan, I use a hybrid of specification (7) and a more traditional DD approach or regression discontinuity design. Therefore, I distinguish between two periods 'before' and 'after' the intervention -in this case the implementation of the new transport plan. The definition of the exact intervention date is not entirely straightforward. On the one hand, one may argue that rational real estate investors discount the future stream of rental incomes as a basis for their investment decisions. Given this rationale, we would expect an adjustment of property prices right after the final announcement of the change to train services when certainty about the final outcome was achieved (McDonald and Osuji, 1995; McMillen and McDonald, 2004) . On the other hand, owner-occupiers who discount the future benefits of good access will have less incentive to move to places before the change in accessibility becomes effective (Gibbons and Machin, 2005) . Hence, the definition of feasible 'before' and 'after' periods to some degree depends on the assumptions made about the behavior of real estate agents. In order to avoid behavioral assumptions, I will compare the period starting right after the new concept was put into operation (1 April 2006) with a period that ends with the communication of the final plan (30 June 2005) . Given that the after period covers 33 months, and a preference for symmetric before and after periods, I choose the starting period to be 1 October 2002. In the end, I obtained a before period ranging from 1 October 2002 to 30 June 2005 and an after period covering the period from 1 April 2006 to 31 December 2008. In unpublished robustness checks I included the anticipation period ranging from 30 June 2005 to 1 April 2006 into either the before or the after period, which did not affect the results in either case.
A dummy variable ( POST) is used to denote the after period. The dummy is interacted with the treatment measure (X N ) to differentiate mean transaction prices The Train has Left the Station r 2010 The Author German Economic Review r 2010 Verein für Socialpolitik between the before and after periods. A set of individual treatment-quarterly interactive terms captures any adjustments within the anticipation period. In addition to time and precinct effects, we further introduce a full set of individual precinct-specific TREND (quarterly) variables in order to avoid the error term to be correlated with the indicator variable in light of unobserved location-specific trends, which could bias treatment estimates
Note that the treatment coefficient g N provides a first difference estimate on the marginal ( percentage) price effect of reducing the average travel time or distance to mainline connections (ACC) by 1 minute or 1 km, depending on the treatment measure
The corresponding empirical results to equation (9) presented in Table 1 uniformly indicate no significant real estate market reactions to the mainline reorganization, no matter whether changes in the marginal value of proximity to the city center or individual location trends are accounted for [columns (1) and (2)]. The marginal effect of a reduction in average travel time to mainline connections is not statistically distinguishable from zero for commercial properties (3) and virtually zero for residential properties (4). Similarly, the effects are clearly not statistically distinguishable from zero when instead of the average travel time treatment the alternative city-wide treatment measures (5-6) are used. Note that in unpublished robustness checks, Table 1 estimations were replicated for the most promising alternative intervention indicated by the results of the trend search. Distinguishing between a before period from 1993 to 1996 and an after period from 1997 to 2003, however, similarly does not yield significant effects.
Building on Table 1 , column (2) model, I further introduce the full set of station ring dummies (X a ) as defined in equation (1) to estimate the average shift in the price level within the station neighborhoods, conditional location-specific trends and the change in overall mainline accessibility. The only significant effect, however, is a significantly positive neighborhood effect for Bahnhof Gesundbrunnen [ Table 1 , column (7)]. This is in line with the non-parametric findings discussed in the previous subsection and might be interpreted as a neighborhood externality effect related to the station extension and renovation rather than a mainline accessibility effect, if at all related to the new infrastructure.
These findings generally confirm the results from the previous section. As a further robustness check, however, an alternative strategy is used to assess the implementation effect on the basis of the same before (1 April 2006-31 December 2008) and after (1 October 2002-30 June 2005) periods as above. In brief, I first separate the non-location from the location component in transaction prices, which I aggregate to precinct level before comparing the (log) difference in land prices before and after the intervention. This approach has a number of interesting features. Taking first differences, I control for time-invariant location characteristics at the precinct level. In addition, by introducing a range of amenity controls into the first difference specification, I also allow for time-varying effects of location attributes. The specification yields estimates for the change in the average price differentials between the formerly separated parts of the city, the change in the Notes: Dependent variable is log of sales price per square meter of land. Baseline specification is equation (9). Accessibility treatments are defined in equations (4) and (5). CBD and EAST effects are defined in equation (7). S2K and S4K effects are sets of dummy variables for a 2 or 4 km impact area surrounding mainline stations [see equation (1)]. Location effects include distance to nearest green area, water area, metro rail station, school, industrial area, main street, noise level, number of monuments within 600 m and dummy variables for predominant building structures: village, villas, low density, prewar block, prefabricated. See Ahlfeldt (2010) for a details. Robust standard errors are clustered on precincts. *** , ** , * Significance at the 10%, 5% and 1% level.
The Train has Left the Station r 2010 The Author German Economic Review r 2010 Verein für Socialpolitik marginal value of proximity to the CBD and the marginal value of mainline accessibility. It thereby disentangles the effects of the general change in city structure from changes in mainline accessibility. Furthermore, the specification facilitates the analysis and correction of between cell spatial-autocorrelation and a non-linear estimation of the (conditional) marginal value of mainline accessibility using semiparametric estimation techniques. Last, by restricting the sample to precincts that are well populated with transactions I reduce the sensitivity of the results with respect to outliers or transactions with very particular characteristics. In order to isolate the residual land price (RLP), a kind of shadow price paid for the square value of location, I first estimate a reduced form of equation (7) where all treatment variables and all location-related variables are omitted, except the precinct fixed effects u y . Equation (11) is estimated for the reduced study period ranging from 1 October 2002 to 31 December 2008. Estimation results are presented in column (2) of Table A1 in Appendix A. The log of RLPs for individual transactions are calculated for individual transactions based on equation (11) estimates and the full range of individual property characteristics [equation (12)] and then aggregated to mean log of land prices for precincts y within the before and after periods defined above. This procedure is equivalent to retrieving the fixed effects u y in equation (11) , with the advantage of facilitating separate values for the before and after periods
Only keeping precincts with at least three observations in the before and after periods, the resulting sample encompasses 661 out of 1,201 precincts, which are relatively evenly distributed over the city area and account for slightly more than 60% of the population and 65% of the employment (workplace). Forty-three out of the 661 precincts include at least one transaction of a commercial property in the before and after period. Table 2 presents precinct-level descriptive statistics for the preferred travel time-based mainline accessibility indicator (X e ) and logs of property prices for the full sample of precincts (1-2), as well as for the groups of positively (3-4) and negatively (5-6) affected precincts (defined on the basis of experienced changes in travel time), distinguishing between the periods before and after the intervention. The figures once again confirm the notion that the new mainline concept adversely affected mainline accessibility at the city level. The average travel time to mainline connections increases by close to 1 minute (1-2) and there are far more precincts with an increase in average travel time (416) compared with those with a respective decrease (245).
In this kind of quasi-experimental design, it is a useful exercise to check whether the different groups actually received the expected treatments. Indeed, the positive group experiences a mean reduction in travel time by about 3.5 minutes (3-4) while the mean travel time for the negative group increases by slightly more than 3 minutes (5-6). More surprisingly, however, these significantly different treatments (7) are not associated with price reactions in the expected directions. While mean prices decline for the positive group (3-4) they increase for the negative group (1) After (2) Before (3) After (4) Before (5) After (6) DD (7) Travel time (minute) 18.44 (8.52) 19.32 (8.19) 21.49 (7.52) 18.12 ( Notes: Log price refers to residual land prices as defined in equation (12), aggregated to precincts. Travel times are calculated as in treatment measure X e [equation (5)]. Positive (negative) is the group of precincts that experiences a reduction (increase) in distance between the periods before and after the intervention. The periods before ( (5) (6) . DD estimates following Gibbons and Machin (2005) 15 reveal that relative to the negative group, the mean property price within precincts belonging to the positive group decreased by about 7.5%. 16 In order to arrive at a conditional precinct-level estimate on the marginal value of mainline accessibility, I start from a simple spatial regression model that relates the mean RLP yz within precinct y in period z to the distance to the CBD (DCBD), to a dummy denoting precincts in EAST Berlin, to a set of m observable location characteristics (L m ) as used in equation (7) and to one of the mainline accessibility measures (ACC M ), as well as to unobserved time-invariant location effects (u y ) and to a random error component (e yz )
Taking first differences following Ahlfeldt and Wendland (2009) and substituting equation (3) into (13) the estimation equation (14) is obtained. The identifying assumption is that the marginal price effect of mainline accessibility is the same in both periods (g 5 g z 5 g z þ 1 )
The coefficient on the EAST dummy gives the change in the average price differential between the city parts ða zþ1 À a z Þ. Similarly, the coefficient on DCBD reveals the change in the magnitude in the marginal CBD proximity effect ðb zþ1 À b z Þ as the variable has again been multiplied by À 1. Additional location variables similarly capture the change in the marginal attribute value between both periods ðm mzþ1 À m mz Þ.
Results presented in Table 3 essentially confirm previous findings. There is no significant effect of travel time to mainline connections, no matter whether potential east-west heterogeneity in land price appreciation is accounted for or CBD or (dis)amenity controls are included [columns (1-3)]. Non-positive effects are similarly revealed using the two alternative treatment measures (4-5). The most simplistic measure of minimum distance to rail hubs (X c ) even indicates a weakly negative treatment effect. At the same time, I find that property prices within former EAST Berlin increased by about 5% compared with West Berlin and that the marginal price effect of locating closer to the CBD increased by 2.9% (2), although this effect is reduced to about 1.5% (3-5) once other location characteristics are controlled for.
Taking the OLS results (3) as a basis, LM-tests detect a significant degree of spatial dependency, rejecting an error-correction model in favor of a lag model. Application of a spatial autoregressive model (SAR), however, leaves the results qualitatively unchanged [column (7)]. 17 Finally, one remaining concern might be 15. We estimate the following DD: Y Formally, the SAR model can be expressed as follows: y ¼ rWy þ XB þ e, where y is the dependent variable, Wy is the spatially lagged dependent variable for first-order rook contiguity weights that the used specifications have not revealed significant accessibility effects due to an inappropriate functional form. I therefore re-estimated equation (14) using a difference-based semiparametric model (Lokshin, 2006) in order to reveal the unknown (conditional) relationship between the treatment variable (X e ) and land price appreciation. The treatment effect, however, was very close to zero for all values of X e , rejecting concerns that results might be driven by an overly restrictive functional form.
CONCLUSION
This study is the first to investigate the intracity impact of access to intercity rail connections on location productivity and household utility using detailed property data covering an entire metropolitan area. It is also one of the first studies that explores real estate price effects of changes in rail infrastructure in Europe, broadly defined. Berlin's recent history offers one of the rare occasions in which a city's inter-rail network is completely reorganized. It is shown that the new mainline network had a large and, on average, adverse impact on mainline accessibility at the city level, which was hardly foreseeable as it contradicted the expectation that the rail carrier would maximize access to customers. Yet, there is little evidence that access to intercity rail connections has a significant impact on real estate prices. Neither is there any remarkable break in the evolution of property prices within the immediate station neighborhoods, nor do I find a significant impact of mainline accessibility at the city level. Even the immediate and unexpected disconnection from mainlines of the former central station Bahnhof Zoo within the area that had served as the CBD of West Berlin for decades did not induce significant proximity effects on location productivity and desirability. Since this result holds for the entire 16-year study period starting immediately after the concept was first announced in the early 1990s, anticipation effects as a potential explanation can be excluded. Results are also robust to the application of different treatment indicators, which account for the intra-city transport network and the shares of individual stations of total mainline connections, as well as the application of different estimation strategies and a control for general changes in the city structure or spatial autocorrelation. Insignificant mainline accessibility effects are consistently found for residential and commercial properties. Semiparametric estimates confirm that these findings generalize to non-linear relationships between mainline access and property prices.
I conclude that the aggregated cost of intra-city travel to rail connections is limited, most probably due to an on-average relatively low frequency of intercity journeys. If households and firms heavily discounted their bids for space on distance to intercity rail connections, I should find a significant marginal price effect of accessibility, as well as significant price adjustments. Results instead indicate a more global nature of the services provided by mainline stations. Still, in many cities, large facilities and track beds of central stations and feeder lines occupy much of the most productive sites within the city center. Authorities aiming at making these areas usable for commercial or residential use may therefore take into account the possibility of a relocation to a less central location instead of expensive tunnel construction works, although more evidence would be desirable in order to affirm the generalizability of findings. Notes: Dependent variable is log of sales price per square meter of land. CBD and EAST effects are defined in equation (7). Location controls include distance to nearest green area, water area, metro rail station, school, industrial area, main street, noise level, number of monuments within 600 m and dummy variables for predominant building structures: village, villas, low density, prewar block, prefabricated. See for details. Robust standard errors are clustered on traffic cells. *** , ** , * Significance at the 10%, 5% and 1% level.
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